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Title: 



MULTI_LAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



Field of the Invention 

[0001] The field of this invention relates to downhole screens, which can he 
expanded into contact with the formation. 
Background nf the Invention 

[0002J Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various fabrication techniques have been developed for manufacturing such 
screens and a typical example is illustrated in US Patent 5,611,399. 
[0003] More recently it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along the screen, which, in 
tarn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent 16,012,522. In mis patent, overlapping segments of screen are 
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placen on a base pipe, wbicb is — * expand* ton w«hto when placed . 
position to foe well bore or a W The shortooming of to technique is mat 

tarn to tearing -bid. in » can result in a ftitee of foe expanded screaa assembly 
to conhol the production of sand. Another shortcoming of such designs is the limited 
capacity to withstand collapse. 

l0 004] Other pabmts xeWtog to pipe expa.si.ns are: U.S. Patent 5,901,789 and 
5,366,012. 

[00051 The main objective of foe preset invention is to allow easy tostellation of foe 
M to the desheddocation followed by expansion to reduco Ore volnme of the 
annular space amundfoe screen. Yet another object of the invention is to expand the 
screen against me formation to entirely eliminate the armulax space amnnd it Yet 
another objective of foe present invention is to allow the nse of me stiucfore of me 
screen downhole eveowifoout expansion. Another objective of the present invention 
is to decrease the amount of stress on the filtration member when expanded. Yet 
anon* objective of, the present invention is to provide a significantly strong* 
^cmre for the finished product, which even after expansion presents a greater 
^stance to collapse: Mother object of the tovention is to pmvide, ; as much as 
possible, uniformity in the opemng size of the filtration layer after the assembly is 
e^ded. Another objective is to provide sufficient strength in the assembly, after 
^pansion to allow it to better resist AMU*—- Still another objective is to 
^ the effort reqmred for expansion and to stage the overall expansion to discrete 
steps. These and other advantages of the present invention will be appreciated by 
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those skilled in the art from a review of the description of the preferred embodiment, 

which appears below. 1 

SUMMARY PI? TCTF. INVENTION 

[00061 A downhole completion method and an expandable filtration apparatus are 
disclosed. The filter assembly comprises a plurality of layers beginning with a coated 
perforated base pipe. The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it from burrs in the base 
pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 
protects the assembly during run in. The assembly can be used as made or expanded 
downhole in one or a series of expansions. I 
BRIEF DESCRIPTION OF THE DRAWINGS 

[00071 Fig. 1 is cutaway view, partly in section,; showing the filter assembly. 
[00081 Fig. 2 is a section view along lines 2_2 of Fig. 1. 

[00091 Fig. 3 is a section view of a first step in a multi step expansion! of the filter 
assembly. ; 

[00101 Fig. 4 is a section view of a second step in a multi step expansion of the filter 
assembly > 

[00111 Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of: the present 
invention. 

nFTATTJSD DESCRIPTION OF THE PP FFKRRED EMBODIMENT 
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(W 12) Rearing toFig. U^My^i^^^^^ 
Tfce tonennos. layer it a perform base pipe 10, which has a plumtity.of openings 
12. Base pipe 10 provides a firm foundation ft* fire layers above. The pattern of the 
toles 12 is optimized to su*e me best balance between coUapse resistance after 
e^ion and mmbmzation of ibe foroe paired to expand mis lay* and those 

in the range of up to about 30%. The base pipe 10 can have (breads 14 and 16 at 
opposite ends to allow sections of the filter assembly A to be secured together, giving 
grcater torsion and tension stieugUr for the filter assembly A. A coating IS made 

Wtitford Corp. numufactores me coating under the name Xylan 10K.Ultima.ely, 
when an expander 20 (see Fig. 3) is moved through base pipe 10, the coating 18 will 
reduce the required expansion feme. The greater collapse resistance of thebase pipe 
10 promotes borehole stability after expansion The optimization of the«*entogs 12 
promotes me highest expansion rate for a given materia! ft* base pipe 10 while still 
le avtog sufficient inflow area through the pipe openings or perforations 12. Using 
round, rounded, or oval opening instead of slots provides for a mechanically stronger 
filter assembly A- In the preferred embodiment, the coating 18 is Xylan and it can 
provide a reduction to required force for a given expansion by as much as 50%. The 
coating 18 also helps resistance to gaffing by the expander 20 or a subsequent 
expander such as 22 (see Fig. 4). 

(0013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe 10. and filtration layer 26. The drainage layer 24 promotes flow 
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^eaa foe filtration layer 26 and the openings U of *e base pipe » I. *. 
^ferred emb^ foe drau^e layer 24 is, — 

of ^s. A braided weave design is currentiy preferred, afthough »^ weave 
patt^ e^beused^eprefenedn^ is avaOablefi^ Jersey Hose as_6" 304 

SS B»d 600 304B. The drainage layer 24 protec* the filtration layer 26 from burrs 
orders around foe edge, of openings 12. In «he even, of high differentia, pressures 
a. to production, foe presenee of the drainage layer 24 provides sizuclural support 
fa are filtration layer 26. The braided wire drainage lay* 24 could be substituted 
with a shmud of some type, ato to outer shroud 34, drat would have stendoff fionr 
the base pipe 10- 

.0014] Mounted overifoe drainage iayer 24 is Ore filiation layer 26. The filtration 

weave. This material gives very reliable uniformity to the owning size, after 
expansion, mmis manner mere ean be cadence in ti.partielerizo, which will not 
pass filtration lay* 26 while giving greater protection against plugging or Ore passage 
of too many particles. As shown in Fig. 1, foe filtration layer 26 is ori«rted at an 
aagfc » foe longitudinal aria of foe filter assembly A. This angle can be in the range 
of about ,0 to about 80 degrees with about 20 degrees being preferred. Orienting the 
filtering layer 26 - an angle allows minimization of change in opening size and 
^fonufty, resulting rftom expansion. The Due* Twill weave provides greater 
durabffity and particle holding capacity. Negative efleefs on hole size and uniformity 
as a result of expansion are ftufoer minimized by rrsiug a reverse weave .Twill Dutch 
pattern. A reverse weave is one where foe diameter of foe weft (state) wires 28 is 
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tag* ton to warp wta 30 by as much as about 50 patent The combination of to 
angular placement of A. filtration layer 26 by a spiral winding technique coupled 
with a reverse weave yields a more predictable and uniform opening size after 
expansion. 

J00151 Mounted over.the filtration layer 26 is the filtration enhancement layer 32. 
This layer promotes greater flow conductivity from the outermost layer, the outer 
shroud 34. Layer 32 acts as a coarse filter to layer 26 and prolongs the life of filtration 
layer 26. This can be seen in the graph of Fig,5, where the addition of the filtration 
enhancement layer is curve 36. The same filter assembly A of the present invention 
but without the filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
represents the performance of a known product made by Baker Hughes called 
Excluder. Fig. 5 readily demonstrates that the addition of the filtration enhancement 
layer 32 nearly triples the time it takes to build up a backpressure of 40 PSIG for the 
same flow conditions: Leaving out the filtration enhancement layer 32 also makes 
that version of the present invention perform somewhat comparably to the known 
Excluder design. Several different weave types are suitable for layer 32 such as: 
square weave, Compound Balanced, Tight Tuck, and Braided Weave, A suitable 
Compound Balanced ■material is available from Porous Metal Produdts, model # 
CB 3 96 192J21/24.'. A metallic material is preferred. 

[00161 The outer shmud 34 is preferably formed from spirally winding* perforated 
sheet into a tube. Thehole size and pattern is og^Miodd^f^m^^y* 
provide sufficient collapse resistance in the expanded state. It is desired to have the 
inflow area of the openings maximized but to limit the opening size and use a 
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a^ered pattern so to. the outer shroud wil no. buclde or tear, when expanded. The 
^ purpose of to outer shroud 34 is «o pmtecl to layer below fiom damage 
during run in. 

, M171 The layers can be joined togetor by swaging to reduce to ou^de diameter 

to mansion and pmvides greater shuogfc .gains. collapse after expansion. It . 
prfened to anneal to components individually before swaging or to anneal to 
mtI afion aasembiy A after all to components nave been assemble* Doing fins 
p^ a neater de^ee of expansion witou. failure. Tbia benefit is particularly 
apptieable to to b*e pipe ,0. Tbe type of annealing envisioned is solution anneabng 
to 1800 degrees F. Am.ea.mg of to base pip. 10 la done before applying to coating 
U due to to inability of to coating 18 to withstend to anneabng tempemtures. 
Sinking » be used.instead of swaging to jepn to layers together. The layers are 
p^erably assembled in to Mowing mann« , to braided wire of suitable drainage 
24 is placed on to base pipe 10 which has previously been drilled with boles, 
eo^ed and .headed. Then, to filtration layer 26 is wrapped a. an angle over to top 
of to dminage layer 24. Another layer, called to fixation enhancement layer 32 is 
ptaced over to top of to filtiation iayer 26. Th», an outer shroud 34 ia placed over 
to fixation enhanced, layer 32 and to tot* package ia run through a set of dies 
that swages or forces all compendia to vigorously contact eachotor. . 
[00181 The filter assembly A has to advaotegeof superior peaformancc^etor it is 

^ Figs . 3 and 4 illustiate a unique step_wise mansion technique. In a firs. 
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step, an expander 20 which may be a fixed cone or a cone with variable diameter is 
m0 ved downwardly through the filter assembly A to achieve about a 1 5% expansion. 
At the lower end of the filter assembly A a cone latch 42 engages a fixed or variable 
diameter expander or :cone 22 to increase me overall expansion to as much as 50%. 
As previously stated=more expansion steps can be used and different degrees of 
stepwise expansion and overall expansion can be obtained with this technique. It 
should be noted that the second expansion does not necessarily have to proceed in a 
direction opposite the first expansion. 

[0019] There are many appUcations of the filter assembly of the present invention. In 
horizontal open hole completions there are usually more than 1,000 feet of contact 
with the productive formation, sometimes in excess of 9,000'. Because there is so 
nmch contact the amount of production per foot is very low. In most cases if the 
theoretical production per foot was traveling into a screen directly opposite of the 
formation then the velocity would be too low to transport sand fiom unconsolidated 
formations or cause erosion. There are many wells in which erosion -taking place 
and sand is being produced. Presently there are a couple of theories that explain this 
occurrence. First the formations may be so unconsolidated that they simply fall apart 
when the pressure in the well bore used to control the well during Idrilling and 
completing the well is removed. This is referred to as hole or formation: collapse. A 
second possibility is that fluid flows along the path of least resistance. This may be 
on the inside of a screen mat is in place or along the outside. As the flow proceeds 
towards the beginning of the open hole section, the accumulative effects of 
production means the .velocity is much higher towards the top section (beginning) of 
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th0 openhol..™ 3 v a od«y(accumu 1 ^flow)c ffi b.high«oughanfteou«dcof 
tha sae^ to temsportisa^ and to erode 4e ^creeD. 
,0020] By expanding scree,, in « open hole horizontal well the «teM~» the 
^^.^-b..-*"*-*""-*** 4 - Redbctionoffoe 
^utas means greati, resistance to flow and foerefbre production flow is reduced on 
aree^orofihesc^^inoreaaedonflreinterior. The reduction in exterior flow 
m eans tower velocities near the well bore and therefore less sand tansponability and 
less erosion effects. ■ 

10021] Expansion can also aid in formation stability by physicfl, supporting foe 
fonnation iffoe screen is expanded until i. is touching the formation. His support in 
mm could prevent foe collapsing of foe formation when the pressure in foe well bore 
is reduced. 

. [0022] In cased hole applications filtration assembly A offers the advantage of a large 
inside diameter for remedial work below its installation. Another advantage is that in 
frac packs and gravel packs all that is necessary to do is to place the proppant or sand 
in the perforation tunnels and formation fractures. Annular packs between the screen 
and the casing, which are often difficult to achieve, are not necessary since expanding 
screen removes this annulns. The filter apparatus A could also be used in conjunction 
with a frac pack or gravel pack and subsequently expanded to back fill any voids in 
the annulus I pack or perforations not filled. 
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We claim: 

1. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are individually annealed prior 
to being joined together. 

3. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 
degrees F. 

5. The assembly of claim 1, wherein: : 

said inside surface of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

7. The assembly of claim 6, wherein: 
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said staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 

9. The assembly of claim 6, wherein: 

My*.*.************ 30 *""*'"** 
dimension. 
10. The assembly of claim 6, wherein: : 

said filtering layer con**** a weave having weft and warp wires ™» 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with reaper* to the longitudinal a^of said base 
pipe. • 

11. The assembly of claim 10, wherein: i 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
12. The assembly of claim 10,wherein: > 

„id at least one filtration layer fbrther eomprises a woven drainage 
lay cr on said base pipe and a main fitaroon layer, said drainage layer 
protecting said main filtration layer from bmts in openings in said base 
pipe and providing meohaniealsnpportfr. said main filWtion layer. 

13. The assembly of claim 13, farther comprising: 

a filtration enhancement layer mounted over said main filtration layer 
and firrther comprising a weave,'said drains layer and said filtration 
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^cement layer ate spirally woond to orient wire, herein in 
.taUU alignment with said wires in said main filtration layer. 

14. The assembly of claim 10, wherein: • 

said openings in said base pipe are round, rounded or oval. 

15, An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least ane filtration layer mounted over saidbase pipe, 

said inside surface of said base pipe is coated to reduce the force 

needed.for subsequent expansion. 

16. The assembly of claim 15, wherein: I 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe. ■ 

19. The assembly of claim 18, wherein: i 
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aaid layers euch being annealed to ftcfiitale subvert expansion 
downhole; 

aai d filtration layer and said base layer are waged together and said 
ferther comprise* solution annealing at «p to about 1800 



20. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, . longitudinal .axis, and a 

plurality of openings; 

atleastone filtration layer mounted over said base pipe; and 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

21. The assembly of claim 20, wherein: i 

dimension. 

22. The assembly »f claim 20, wherein: i 

said layers each being annealed fo facilitate subsequent expansion 

downhole; 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 



23. The assembly of claim 22, wherein: s 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
abont 10-80 degrees with respect to the longitudinal axis.of said base 
pipe. ■ 

24. An expandable filter assembly for downhole use, comprising: 

' a base, pipe having an inside .surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe. ■ 

25. The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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